Toll-like receptors (TLRs) play a critical role in the induction of innate immune responses which have been implicated in neuronal death induced by global cerebral ischemia/reperfusion (GCI/R). The present study investigated the role and mechanisms-of-action of TLR4 signaling in ischemia-induced hippocampal neuronal death. Neuronal damage, activation of the TLR4 signaling pathway, expression of pro-inflammatory cytokines and activation of the PI3K/Akt signaling pathway in the hippocampal formation (HF) were assessed in wild type (WT) mice and TLR4 knockout (TLR4 −/− ) mice after GCI/R. GCI/R increased expression of TLR4 protein in the hippocampal formation (HF) and other brain structures in WT mice. Phosphorylation of the inhibitor of kappa B (p-IкB) as well as activation of nuclear factor kappa B (NFкB) increased in the HF of WT mice. In contrast, there were lower levels of p-IкB and NFкB binding activity in TLR4 −/− mice subjected to GCI/R. Pro-inflammatory cytokine expression was also decreased, while phosphorylation of Akt and GSK3β were increased in the HF of TLR4 −/− mice after GCI/R. These changes correlated with decreased neuronal death/apoptosis in TLR4 −/− mice following GCI/R. These data suggest that activation of TLR4 signaling contributes to ischemia-induced hippocampal neuronal death. In addition, these data suggest that modulation of TLR4 signaling may attenuate ischemic injury in hippocampal neurons.
Introduction
Global cerebral ischemia/reperfusion (GCI/R) induces neuronal death, especially in the hippocampal formation (HF) (Nitatori et al., 1995) . Recent evidence suggests that innate immune and inflammatory responses play a critical role in ischemia-induced neuronal damage (Lambertsen et al., 2004; Liao et al., 2001 ). However, the precise molecular mechanisms by which immune/inflammatory responses are involved in ischemia-induced neuronal death are unclear.
Toll-like receptors (TLRs) are a family of signal transduction molecules and play a critical role in the induction of innate and adaptive immunity (Aderem and Ulevitch, 2000) . TLRmediated signaling pathways mainly stimulate the activation of NFκB which is an important nuclear transcription factor for regulating expression of genes involved in innate and inflammatory responses (Hoshino et al., 2002; Porter and Janicke, 1999; Toshchakov et al., 2002) . Recent studies have shown that activation of the TLR4-mediated NFκB pathway plays a role in ischemia/reperfusion (I/R) injury. For example, we (Hua et al., 2007; Li et al., 2005; Ha et al., 2006) 
